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The structure was solved through a combination of direct methods and difference Fourier synthesis. Refinement was performed on F 2 using the whole data set. H atoms from coordinated water molecules were detected in a difference Fourier synthesis and subsequently refined with a rigidbody model. Those of the solvent water molecule could not be found. H atoms in the phen groups were included at their expected positions and allowed to ride on their host atoms. Fixed isotropic displacement parameters were used for all H atoms. One of the thiosulfate groups was found to be severely disordered and was refined as four different images of an idealized rigid group with occupancies constrained to sum to 1. The solvent water molecule was also found to be split in two positions. Lowering of the space-group symmetry did not result in a simpler model.
Data collection: P3/P4-PC Diffractometer Program . Cell refinement: P3/P4-PC Diffractometer Program. Data reduction: XDISK in SHELXTL/PC (Sheldrick, 1990) . Program(s) used to solve structure: XS in SHELXTL/PC. Program(s) used to refine structure: SHELXL93 . Molecular graphics: XP in SHELXTL/PC. Software used to prepare material for publication: CIFTAB in SHELXL93 and PARST (Nardelli, 1983) .
Abstract
The title compounds, tetraphenylphosphonium chlorobis(diethyldithiocarbamato-S,S)cadmium(II), (C24H20P)-[CdCI(C5H10NS2)2], (1), and tetraphenylphosphonium bromobis(diethyldithiocarbamato-S,S)cadmium(II), (C24-H20P)[CdBr(C5HIoNS2)2], (2), are isomorphous. The compexes are mononuclear with coordination spheres of the types $4C1 and S4Br, respectively. The central Cd atom is linked to four S atoms and two bidentate dithiocarbamate ligands and to the halide atom. The resulting Cd-atom coordination geometry is halfway between trigonal bipyrimidal and square pyramidal. Principal dimensions include: Cd--S 2.573 (1)-2.682 (1) in (1) and 2.571 (3)-2.736 (2) ~ in (2); Cd--C1 and Cd--Br 2.462 (1) and 2.626 (1) A, respectively.
Comment
The characterization of mononuclear five-coordinate cadmium(II) compounds with sulfur ligation is of current interest with respect to structural and spectroscopic models for cadmium binding sites in biological molecules, particularly in a number of metallothioneins and metallo-regulatory proteins (Reddy, Zhang, Schlemper & Schrauzer, 1992, and references therein).
The reactions of the sulfur-bridged cadmium bis-(diethyldithiocarbamate) dimer with potentially monodentate anionic ligands to give the 1: case of [NEt4][Cd(S2CNEt2)2NCS], single crystals were obtained and the structure was determined by X-ray crystallography. The adduct was found to be mononuclear with a distorted CdSaN nuclear core. Based on vibrational data the cadmium complexes with X = CI, Br and I also appeared to have five-coordinate mononuclear units, although on this basis alone the presence of sulfuror halide-bridged coordination to give the more usual hexacoordinate Cd" complexes could not be excluded. Herein we report the isolation of single crystals of [PPh4] [Cd(S2CNEt2)2C1], (1), and [PPh4] [Cd(S2CNEt2)2-Br], (2), and their structures as determined by X-ray crystallography.
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The crystal data for (1) and (2) show that the complexes are isomorphous. Fig. 1 presents the structural diagram and the atomic numbering scheme for (1). Both anions have five-coordinate mononuclear CdS4X units in which the metal atom is coordinated to four S atoms of two bidentate dithiocarbamate ligands and to the X atom of the halide ligand. Atoms S 1, $4 and X (X = C11 or Brl) define the equatorial planes, and the Cdl atoms are 0.0902 (4) in (1) and 0.0886 (6),~ in (2) below the corresponding planes pointing towards $3. The Cdl--$2 and Cdl--S3 axial bonds show average deviations of 20 (1) and 25 (1) ° from the normal to the equatorial planes, which may be attributed to the acute bite angles of the spanning dithiocarbamate ligands [mean 67.85 (7) in (1) and 67.87 (6) ° in (2)].
The complexes exhibit a wide range of Cd----S bond lengths, with the equatorial Cd--S bonds significantly shorter than the axial bonds and with one bidentate ligand more asymmetrically bonded than the other [2.573 (1)-2.731 (1) and 2.615 (1)-2.682 (1) A in (1) and 2.571 (3)-2.736 (2) and 2.617 (3)-2.685 (3)A, in (2), respectivelyJ. The average (all bonds) Cd--S distance [2.65 (8)A] is similar to the corresponding'value in the related compound [NEt4][Cd(S2CNEt2)2NCS] [2.61 (4) ,~,]. It thus appears that the nature of the halide does not significantly alter the Cd--S bond lengths in these five-coordinate complexes.
The terminal Cd--C1 and Cd--Br bond lengths are 2.462(1) and 2.626 (1) .~,, respectively, and are within the reported ranges for all terminal Cd--C1 and Cd--Br bonds (Orpen et al., 1989) . The dithiocarbamate ligands are almost planar with the small deviations being a twist about the S2C--NR2 bonds [2.5 (3) and 1.6 (3) ° around C 1--N 1 and 1.1 (3) and 2.3 (3) ° around C2--N2 for (1) and (2), respectively]. The distortion at the Cd atom may be conveniently described by the index parameter -7-, defined as [(S2--Cdl--S3) -($4 Cdl--S1)]/60 (Addison, Rao, Reedijk, Van Rijn & Vershoor, 1984) .
The calculated values of 0.50 for complexes (1) and (2) describe a type of structure which is 50% along the pathway of distortion from ideal square-pyramidal (7-= 0) towards ideal trigonal-bipyramidal geometry (r = 1). The related compound [NEt4][Cd(S2CNEt2)2NCS] shows a further distortion towards square-pyramidal geometry (7-= 0.27). The coordination flexibility of five-coordinate Cd" is well known (Btirgi, 1973) and undoubtedly reflects the d 1° electron configuration of the metal ion, which rules out any ligand stabilizing effects in cadmium complexes.
Intermolecular distances in the reported complexes are larger than the corresponding sum of the van der Waals radii. Angles and other metric parameters of the ligands, as well as of the PPhg cations, can be regarded as unexceptional. 0.8337 (7) 0.0653 (7) 0.6671 (51 0.059 (31 C41 0.8090 (6) 0.2620 (6) 0.5925 (4) 0.038 (2) C42 0.7488 (7) 0.3247 (7) 0.6245 (5) 0.056 (2) C43 0.7877 (9) 0.4023 (7) 0.6606 (5) 0.068 (3) C44 0.8872 (9) 0.4155 (7 (2) 
